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Créteil,12 Laboratoire de Virologie-Bactériologie, Centre Hospitalo-Universitaire, Saint-Etienne,13
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A national evaluation study was performed in 14 specialized laboratories with the objective of assessing their
capacities to provide (i) hepatitis B virus (HBV) viral loads (VL), (ii) HBV genotypes, and(iii) identification of
precore/core mutants. The panel consisted of 12 HBV DNA-positive samples with VLs from 2.8 to 9.1 log10
copies/ml, different HBV genotypes (A to F), and 3 mutant and 9 wild-type samples at nucleotide 1896. The
coefficients of variation of the mean VLs ranged from 2.4% to 10.4% with the Cobas HBV Monitor assay, from
1.8% to 5.5% with the Cobas TaqMan 48, from 1.5 to 26.2% with RealArt HBV PCR, and from 0 to 7% with
branched DNA (bDNA). The Cobas Monitor assay underestimated the VLs of genotype F samples, with
differences ranging from 1.4 to 2.4 log10 copies/ml. The accuracies of genotype determinations ranged from 33%
to 100%, and those of precore mutant determinations ranged from 25 to 100%. This study showed some
drawbacks of two widely used assays: (i) Cobas Monitor has a narrow dynamic range and underestimates
genotype F sample VLs and (ii) bDNA shows poor sensitivity and may fail to identify patients with low VLs.
With higher performance in terms of analytical sensitivity combined with a larger dynamic range and an ability
to quantify the main genotypes equally, real-time PCR methods appear more appropriate for accurate mon-
itoring of HBV DNA quantification. Furthermore, the clinical implications of HBV genotyping and the
determination of precore/core mutants need to be clearly stated to justify the standardization of these methods.

Hepatitis B virus (HBV) is responsible for chronic liver
disease, with a risk of evolution toward severe complications,
such as cirrhosis and hepatocellular carcinoma. The reservoir
of chronically infected patients is estimated at 350 million
worldwide. An increasing number of studies demonstrate the
roles of several biological markers, together with biochemical
indices (especially the alanine aminotransferase level), the
HBV viral load (VL), the presence of precore/core promoter
mutations (20) and drug resistance mutations (38), and geno-

type (31), in the individual’s response to treatment (15). It is
expected that HBV VL measurement and HBV sequence poly-
morphism determination will soon provide clinicians with im-
portant information to adapt HBV-specific treatments.

Furthermore, the availability of molecular diagnostic tests
for quantification of HBV DNA, especially by real-time PCR
methods, is expanding. The main purpose of HBV VL deter-
mination is to evaluate the activity of infection and to screen
and monitor patients for antiviral treatments. These tools
are also useful in diagnosing an HBV infection in some
specific situations, such as the screening of blood donations
to ensure blood safety with regard to the HBsAg silent
phase (window period) (6) and occult HBV infection (37),
as well as in cases of atypical serologic patterns involving an
envelope mutant (57).
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HBV replication kinetics and mechanisms, through a pre-
genomic RNA intermediate and a reverse transcription step,
are important sources of viral diversification. The spontaneous
tendency of HBV to accumulate mutations, combined with
natural selection pressure, have led to the emergence of eight
described genotypes (A to H) defined by a divergence of at
least 8% with the complete reference genome sequence (51,
53). It has also been demonstrated that these genotypes show
distinct geographic distributions (51, 57). Furthermore, the
occurrence of mixed-genotype infections does not seem un-
common (14). To date, HBV genotype determination is mainly
useful for epidemiological studies or for tracing a source of
contamination. However, differences in the natural history of
the disease according to genotype are being explored, and the
clinical relevance of genotyping is emerging. Indeed, there is
evidence that HBV genotypes influence the HBeAg serocon-
version rate: Asian studies have especially demonstrated that
genotype B-infected patients seroconvert more rapidly to anti-
HBe than those infected with genotype C (33, 59). Further-
more, genotype C seems to be linked to a more severe liver
disease than genotype B in Far Eastern studies (13, 19), and
the same observation was reported for genotype D versus ge-
notype A in India (55). There are also indications in Europe
that the infection outcome is more severe with genotype F than
with genotype A or D (50). In addition, the genotype might
influence the response to interferon-based treatments (31),
with a globally better response for genotype B than C, espe-
cially in Asian studies (17, 33, 52). The influence of genotype in
the response to nucleoside or nucleotide analogues is probably
less important. The clinical significance of precore and core
promoter variants associated with HBeAg-negative liver dis-
ease is more controversial due to the many host and viral
factors. However, HBeAg-negative chronic hepatitis B seems
to be associated with a more severe liver disease with a very
low rate of spontaneous disease remission and a low sustained
response rate to antiviral therapy (40).

Considering the emerging clinical relevance of all of these
markers, and before initiating large-scale studies, the Action
Coordonnée 11 group of the Agence Nationale de Recherches
sur le SIDA et les hépatites B et C initiated an evaluation of
HBV VL determination and HBV-genotyping and precore
mutation determination methods used in specialized laborato-
ries involved in multicenter clinical trials. The aim of this study
was to assess the capacities of these specialized laboratories to
provide data on HBV infection through molecular investiga-
tions.

MATERIALS AND METHODS

Constitution of the panel and assays used for its selection. The panel included
12 plasma samples collected from HBV-infected untreated blood donors se-
lected as a subset of subtypes with several ranges of viral loads. The character-
istics of these samples are given in Table 1. The VL, the HBV genotype, and the
presence of precore/core mutations were determined for each sample.

VL determination was performed twice in two separate runs, with two proce-
dures used according to the manufacturers’ instructions: Cobas Amplicor HBV
Monitor and the Cobas TaqMan 48 Real-Time PCR System (Roche Molecular
Systems, Meylan, France) (limits of detection [LOD], 200 and 35 copies/ml,
respectively).

The genotype was determined twice in two separate runs with an in-house
method based on the sequence analysis of HBV gene S, using a QIAamp DNA
Minikit (QIAGEN, Courtaboeuf, France) for HBV DNA extraction, and a
consensus PCR assay amplifying an S gene fragment comprised of nucleotides
256 to 725. Each PCR experiment included negative and positive controls.
Double-strand direct sequencing was carried out by the dideoxynucleotide chain
terminator method by MWG Biotech (Roissy, France). Several reference se-
quences of HBV genotypes (A to H) drawn from GenBank were included in the
data bank. All sequences were aligned using ClustalW software (56). Phyloge-
netic analysis was performed using the Phylip package. Distances between se-
quences were analyzed using the neighbor-joining algorithm based on the
Kimura 2 parameter distance estimation method for the nucleotide sequences
and on the Dayhoff PAM matrix for the amino acid sequences (48).

Finally, the presence of precore/core mutations was studied twice in two
separate runs using a commercially available line probe assay for identification of
HBV precore variants (INNO-LiPA HBV Precore; Innogenetics, Gent, Bel-
gium) according to the manufacturer’s instructions. For the purpose of the
experiments, the recommendation that at least codon 28 (with the presence of

TABLE 1. Characteristics of the 12 samples on the panel

Sample S-based
genotype

HBe
statusa

Codon 28
(nt 1896)b

HBV load
(log10 copies/ml)c Mean HBV load (log10 copies/ml)d

Cobas
Monitor

Cobas
TaqMan

Cobas
Monitor
(n � 9)

Cobas
TaqMan
(n � 6)

Real Art
HBV Artus

(n � 2)

In-house
real-time

PCR
(n � 1)

Real-time
PCR Dia

Tech
(n � 1)

bDNAe

(n � 2)
Total mean

(n � 21)

s1 C Anti-HBe V 4.82 4.35 4.63 (2.6) 4.44 (3.5) 3.94 (6.2) 4.34 4.64 4.69 (0) 4.45
s2 A HBeAg WT 5.65 6.06 5.81 (9.9) 6.05 (2.7) 5.42 (18.7) 6.45 7.15 6.39 (1) 6.21
s3 A HBeAg WT 6.66 7.02 7.35 (6.2) 7.04 (4.5) 6.66 (3.7) 7.53 7.87 7.33 (0) 7.30
s4 A Anti-HBe WT 3.20 2.90 2.96 (6.6) 2.92 (3.2) 2.18 (9.1) 2.80 2.69 0 2.26
s5 F Anti-HBe V 2.78 4.52 2.64 (6.4) 4.48 (4.8) 4.08 (3.7) 4.54 4.48 5.03 (2) 4.21
s6 F HBeAg WT 7.60 9.54 7.60 (5.3) 9.30 (5.5) 8.46 (11.5) 9.83 9.21 9.45/�8.00 8.98
s8 D Anti-HBe V 4.72 4.68 4.67 (2.4) 4.47 (5.1) 4.41 (11.9) 4.53 3.45 4.98 (0) 4.42
s9 A HBeAg WT 8.70 8.51 9.00 (9.8) 8.69 (1.8) 7.28 (21.7) 9.08 8.69 8.98/�8 8.62
s10 A Anti-HBe WT 4.00 4.38 3.98 (3.0) 4.19 (4.5) 3.17 (10.9) 3.76 3.91 4.43 (7) 3.91
s11 B HBeAg WT 9.11 9.17 9.35 (9.1) 9.04 (4.1) 8.07 (4.7) 9.40 9.71 9.44/�8.00 9.17
s14 E HBeAg WT 7.40 9.25 9.32 (9.4) 9.01 (2.8) 6.73 (26.2) 9.41 8.28 9.11/�8.00 8.64
s15 C HBeAg WT 9.00 9.07 9.10 (10.4) 8.96 (2.6) 8.56 (1.5) 9.51 9.26 9.37/�8.00 9.13

a Anti-HBe and HBeAg assays were performed with ETI-EBK antibody and ETI-EBK plus (Dia Sorin, Saluggia, Italy), respectively.
b V, precore stop codon mutation (G to A at nucleotide �nt� 1896); WT, wild type as defined by Inno-Lipa.
c VL was obtained in laboratory P, which prepared the panel.
d Mean VLs were obtained in all participating laboratories (including laboratory P). % CV values are given in parentheses.
e For samples for which the mean could not be determined, the VL values are presented separated by a slash.

VOL. 44, 2006 HBV VIRAL LOAD GENOTYPE PRECORE IN A MULTICENTER STUDY 3601



the G1896A point mutation) should be analyzed was made in order to cover this
most prevalent mutant.

Participating laboratories. Fourteen laboratories (coded from A to N) par-
ticipated in the study. All had to perform HBV VL determinations, while HBV
genotyping and precore/core mutation determinations were optional.

For HBV VL determination, 9 of the 14 laboratories used one method, three
used two methods, and one used three methods. Including the laboratory that
had prepared the panel (laboratory “P”) and that retested the panel under the
same conditions as the other participants, a total of 21 results of HBV VL
determination were given and analyzed. The quantification methods consisted of
Cobas HBV Monitor (Roche Molecular Systems) (LOD, 200 copies/ml; linear
range, 200 to 2 � 105 copies/ml; laboratories P, A, C, D, F, G, H, I, and M),
Cobas TaqMan 48 (Roche Molecular Systems) (LOD, 35 copies/ml; linear range,
170 to 6.4 � 108 copies/ml; laboratories P, B, J, K, L, and N), the RealArt HBV
PCR kit (Artus Abbott, Rungis, France) (LOD, 30 copies/ml; linear range, 30 to
3 � 1010 copies/ml; laboratories H and I), HBV RealQuantTM PCR (DiaTech,
Jesi, Italy) (laboratory A), and a home-made HBV quantification real-time PCR
method (LOD, 50 copies/ml; linear range, 50 to 5 � 108 copies/ml; laboratory L).
Finally, two laboratories (E and L) used the branched-DNA (bDNA) signal
amplification technology, the HBV bDNA assay (VERSANT HBV 3.0 Assay;
Bayer HealthCare-Diagnostics, Tarrytown, New York) (LOD, 2,000 copies/ml;
linear range, 2 � 103 to 1 � 108 copies/ml).

Ten laboratories provided HBV-genotyping results. Four used commercially
available methods, three used the INNO-Lipa HBV-genotyping test (Innogenet-
ics, Gent, Belgium), and one used the TrueGENE HBV-genotyping test (Bayer
Diagnostics, Tarrytown, NY). The other six laboratories used an in-house S
gene-sequencing method.

Nine laboratories provided results for the precore/core mutation determina-
tion: three used the INNO-LiPA HBV precore assay (Innogenetics, Gent, Bel-
gium), while six provided results obtained from a sequence analysis of the
precore/core region of the genome.

Interpretation of the results. To compare the VL results, the data obtained
from all of the laboratories were analyzed as a whole. For clarity of the report,
all the results were converted into copies/ml (at the time of study, Roche Diag-
nostics did not recommend expressing the results with Cobas Monitor as inter-
national units) through the appropriate conversion factor provided by the man-
ufacturers, with 1 international unit corresponding to 5.82 copies for the Roche
TaqMan assay, to 7.5 copies for the Artus method, to 7 copies for the Dia Tech
method, and to 5.6 copies for the bDNA assay. Values converted into log10 units
obtained for each panel sample were compared to the mean of all measurement
values given by all participants using the same procedure. In addition, methods
were compared by comparison of the mean log10 VLs calculated for each sample.

A difference of more than 0.5 log10 was considered significant. When a VL was
not determined with precision but was above the linear range of the assay, the
result was excluded from the calculation of the mean values.

For the analysis of genotype and precore mutation results, the data from the
participating laboratories were compared to those obtained in laboratory P.

RESULTS

HBV viral load determination. For HBV VL determination,
10 of the 14 laboratories used a single method, 4 used two
methods, and 1 used three methods. A total of 21 results of
HBV DNA quantification were provided and analyzed. A sum-
mary of the results obtained with the different assays is given in
Table 1. Figure 1 represents the dispersion of mean HBV viral
loads obtained with each assay in tested samples.

Nine measures of HBV VL obtained with Cobas Monitor
were analyzed for all samples, except for samples s9, s11, s14,
and s15, which were not diluted by one laboratory and there-
fore were not precisely quantified (thus, eight measures were
analyzed for these four samples). The coefficients of variation
(CV) of the mean VL ranged from 2.4% to 10.4% (Table 1).
There was no correlation between the mean VL and the CV.
However, the highest CV tended to be observed for the highest
VL. Compared with the other methods, the Cobas Monitor
assay underestimated the VLs of genotype F samples, with
differences ranging from 1.4 to 2.4 and from 0.86 to 2.2 log10

copies/ml for samples s5 and s6, respectively. The interlabora-
tory comparison showed the tendency of laboratory F to give
significantly higher VL values (from 0.63 to 2.14 log10 copies/ml)
for samples with VLs above 7 log10 copies/ml (n � 7) (Fig. 1).
Significant differences were also observed for two samples
quantified in laboratory A (the VL was overestimated, with
differences of 0.68 [s6] and 0.59 [s11] log10 copies/ml, respec-
tively) and in four samples (s9, s11, s14, and s15) from labo-

FIG. 1. Dispersion of HBV viral loads, expressed as means, obtained with each assay. The means of viral loads including all results for each
sample are symbolized by linked circles.
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ratory I (underestimation, with differences from 0.54 to 0.70
log10 copies/ml). The four samples involved in these misclas-
sifications had VLs above 7.6 log10 copies/ml.

Three to six measures of VL determined with the Cobas
TaqMan were included in the calculation of the mean VL
value, depending on the samples. Four and three measures
were taken into consideration for samples s6 and s9 and for
samples s11, s14, and s15, respectively. The CV of the mean
VL ranged from 1.8% to 5.5%. Significant differences were
observed for two samples (s6 and s11) that were diluted before
being tested in laboratory J (the VL was overestimated, with
differences of 0.69 and 0.77 log10 copies/ml, respectively), and
two samples (s3 and s6) were underestimated by laboratories K
and L, respectively (with differences of 0.62 and 0.54 log10

copies/ml). The four samples involved in these misclassifica-
tions had VLs above 7.6 log10 copies/ml.

The results obtained with the Artus procedure in two labo-
ratories showed high CV values (from 1.5 to 26.2%). Six sam-
ples were quantified with VL differences of more than 0.5 log10

(from 0.74 to 2.24 log10 copies/ml). Moreover, the genotype E
sample was quantified with a significantly lower VL by com-
parison to the other assays (1.9 log10-copy/ml difference from
the mean result).

Determinations of the VL performed with bDNA in two
laboratories demonstrated very good reproducibility, with an
extremely low CV (calculated for six samples) ranging from 0
to 7%, whatever the VL. However, s4, which had the lowest VL
of the panel (2.9 log10 copies/ml), was not detected by the two
laboratories using this method (Table 1).

Genotype determination. The accuracies of genotype deter-
minations ranged from 33% to 100% (Table 2). Of the 10
laboratories that provided results, 5 correctly identified all
samples; 3 gave an erroneous result for a unique sample; 2
gave the correct genotype for all samples but in association
with one or two other genotypes in eight and one samples,
respectively; 3 did not provide results for one or two samples
due to a failure at the amplification or sequencing steps—twice
for sample s4 (genotype A; 2.9 log10 copies/ml) and once for
samples s5 and s15 (genotype F, 4.5 log10 copies/ml, and geno-
type C, 9.0 log10 copies/ml).

Of the 120 expected correct results, 104 (86.7%) were accu-
rate. Among the 16 incorrect results, 9 involved mixed-geno-
type results, 3 were erroneous genotypes, and 4 were PCR
amplification or sequencing failures. Only two samples (geno-
types F and E, with VLs of 9.5 log10 copies/ml in both cases)
were correctly identified by all of the laboratories.

Precore mutants. The accuracies of precore mutant deter-
minations ranged from 25 to 100% (Table 3). Of the nine
laboratories that provided results, two correctly identified all of
the tested samples (12/12 for laboratory L and 8/8 for labora-
tory N), one gave erroneous results for 8 samples, one pro-
vided a dual wild-type (WT) and 1896 variant (V) infection,
and four missed 1 to 3 samples due to a failure in PCR am-
plification, while two declared a failure in the identification of
the 28 codon in 2 or 3 samples.

Of the 108 expected correct results, 82 (76%) were accurate.
Among the 26 incorrect results, 9 were erroneous results (V
instead of WT in eight samples and one dual V-WT infection),

TABLE 3. Performances of the laboratories in the identification of precore mutants (position 1896)

Parameter S-based
genotyping

HBe
status

Viral load
determined by
TaqMan (log10

copies/ml)

Results for laboratory a:

P b Bb Eb Lb Gc Hc Jc Kc Mc Nc

Sample assignment
s1 C Anti-HBe 4.35 V V V V V V V V V V
s2 A HBeAg 6.06 WT V WT WT WT WT WT WT WT NT
s3 A HBeAg 7.02 WT V WT WT WT WT WT WT WT WT
s4 A Anti-HBe 2.90 WT WT Neg WT WT WT WT Neg Neg WT
s5 F Anti-HBe 4.52 V V V V Ind V Neg V V V
s6 F HBeAg 9.54 WT V WT WT Ind WT WT WT WT NT
s8 D Anti-HBe 4.68 V V NT V V V V V V V
s9 A HBeAg 8.51 WT V WT WT WT Ind WT WT WT WT
s10 A Anti-HBe 4.38 WT V WT WT Ind WT WT WT WT WT
s11 B HBeAg 9.17 WT V WT/V WT WT Ind WT WT WT WT
s14 E HBeAg 9.25 WT V WT WT WT WT WT WT Neg NT
s15 C HBeAg 9.07 WT V WT WT WT WT WT NT Neg NT

No. (%) of correct
results

3/12 (25) 9/12 (75) 12/12 (100) 9/12 (75) 10/12 (83) 11/12 (92) 10/12 (83) 9/12 (75) 8/12 (67)

No. of false results 8 1 0 0 0 0 0 0 0

No. of negative or
untested
samples

0 2 0 0 0 1 2 3 4

No. of indeterminate
results

0 0 0 3 2 0 0 0 0

a V, precore stop codon mutation (G to A at nucleotide 1896); Neg, negative; Ind, indeterminate; NT, not tested.
b InnoLiPA HBV precore (Innogenetics, Gent, Belgium).
c In-house direct sequencing method.
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12 were false-negative results or untested samples, and 5 were
due to an indeterminate result.

DISCUSSION

Among the techniques described in recent years for quanti-
fying HBV DNA by PCR (16, 24, 29), some have been based
on semiautomatic assays and were described as providing good
sensitivity for the detection of HBV DNA (39, 41). More
recently, introduction of real-time PCR technology for HBV
viral load measurement has offered even better characteristics,
with an overall larger range of quantification and improved
sensitivity (1, 5, 23, 26, 36, 58). Although these two technolo-
gies have been assessed and compared within different single-
center laboratories, an evaluation of such techniques through a
multicenter quality control study was missing. The strength of
such an evaluation is to provide information on what may
happen to a patient who may be followed over time in different
laboratories using in-house or commercially available tech-
niques. In terms of the technical handling characteristics of the
six studied HBV DNA quantification methods, one of the
major inconveniences involved the Cobas Monitor PCR sys-
tem, which has the narrowest dynamic range and requires
dilution of samples in cases of high VL to artificially extend the
test linearity. This drawback has been pointed out previously
(43, 58). Due to the error rate linked to the dilution process, a
weakness is introduced in the accuracy of the technique, espe-
cially for active replicative HBV carriers with VLs that may
reach over 9 log10 copies/ml. It is likely that the highest CV in
interlaboratory comparison observed in our study with the
Cobas Monitor for samples with a high VL reflects this phe-
nomenon.

In the performances of the HBV DNA quantification meth-
ods, we observed an underestimation of the VLs of genotype F
samples with Cobas Monitor. Although genotype F is mainly
present in Central and South America (4, 7), this failure of
Cobas Monitor (58) may have an impact on the monitoring of
HBV infection, particularly if the genotype is not determined
before VL quantification. Thus, we recommend not using this
assay for the monitoring of patients infected by a genotype F
strain.

The Artus System tended to provide VL results lower than
those of the other assays, especially for the genotype E sam-
ples. However, the high CV observed between the results of
the two laboratories that used this assay could suggest inter-
laboratory variability. Further extended studies of the Artus
Real Time PCR system (as well as the other real-time PCR
methods used by only one participating laboratory) are needed
to assess the performances of these new methods of HBV
DNA quantification.

Although the observed differences were not significant com-
pared with the other assays, the bDNA assay tended to give
higher VL results, as previously reported (25). Moreover, the
reproducibility rate was very high (46). However, due to its low
sensitivity, linked to the principle of this assay (49), the bDNA
assay had a high failure rate for the two samples of the panel
with the lowest VLs.

The results obtained here and in other studies have demon-
strated that the real-time PCR methods offer several advan-
tages in terms of analytical sensitivity, with lower limits of

detection and larger dynamic ranges of quantification. The
good performances of real-time PCR methods and the avail-
ability of automatic platforms will justify the use of these tests
for the diagnosis of HBV infection in the near future, espe-
cially for atypical serological patterns, as in occult infection (2,
18), in HBsAg carriers with a low level of replication (22, 42),
or for treatment monitoring in order to identify resistant mu-
tants that could be difficult to demonstrate with methods ex-
hibiting a low limit of detection.

Although correct results were obtained for 50% of the par-
ticipants for the entire panel of HBV genotypes, the data
analysis revealed a few discrepancies, essentially due to poor
amplification sensitivities of the samples with the lowest VLs
and sometimes due to misclassification. Indeed, the false-neg-
ative results obtained with samples s4 and s5 were probably
due to their low VLs rather than to their genotypes. The
misclassification of samples s3 and s10, both containing a geno-
type A strain and classified as G and F/G by two laboratories
using an in-house method, may be explained by the close phy-
logenic proximity of A and G genotypes in the amplified region
(3, 54). However, the possibility that these two samples were
really coinfected with the two genotypes cannot be excluded,
since that seems to be the case for most subjects infected with
genotype G. More surprisingly (and contrary to data provided
by three other laboratories using the same technology), labo-
ratory B reported 67% mixed infections with the Inno-Lipa
method. This method has been shown to be very sensitive for
identification of mixed-genotype infections, but the reported
rate of mixed infections is usually between 0.1 and 10% (30,
45). Clearly, Inno-Lipa allows rapid detection of HBV geno-
types in diagnostic laboratories, but extensive comparison stud-
ies of this assay with cloning experiments are needed to estab-
lish the reality of the mixed infections and to clearly exclude
any issue of specificity.

Contrary to the results that we have obtained for HCV
genotyping (35), the fact that no reference genome database
was provided to all the participants did not seem to have
influenced the genotyping results obtained by direct sequenc-
ing. The reason for this finding is probably the absence of
subtype definition for HBV, permitting a less precise phylo-
genic analysis without consequence for the final genotyping
classification.

In the precore/core region, the most common naturally oc-
curring HBV mutations are G1896A, which creates a stop
codon in the precore gene (9, 11), and an A1762T-G1764A
dual mutation in the core promoter region, which is responsi-
ble for a down-regulation of HBcAg production (9). Some of
the participating laboratories did not routinely perform the
determination of these mutations (only nine provided results).
Besides laboratory B, which gave 75% incorrect results for an
unknown reason (a nonspecific hybridization with the line
probe assay could be involved), incorrect answers were mainly
due to an absence of amplification or an indeterminate result
independent of the method used. This is in accordance with the
fact that the determination of precore/core mutations is not
performed on a routine basis and that only a few laboratories
are accustomed to the procedure. Indeed, the usefulness of
identification of these HBV mutations is still being debated
(10, 12, 32, 34). Moreover, the relationship between these
mutants and the response to antiviral treatment remains con-
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troversial (9, 20, 28, 34) and could be due to other factors, such
as genotypes or recruitment bias (21, 27, 44). Thus, it does not
seem crucial to determine the existence of these mutations in
order to evaluate the severity of the disease and to manage
antiviral treatments.

One may conclude from this multicenter study that the large
majority of expert laboratories routinely use commercial assays
for HBV VL determinations (8, 47). The study also showed
some drawbacks with two widely used assays: (i) Cobas Mon-
itor has a narrow dynamic range and underestimates genotype
F sample VLs and (ii) bDNA shows poor sensitivity and may
therefore fail to identify patients with low VLs. With higher
performance in terms of analytical sensitivity combined with a
larger dynamic range and an ability to quantify the main ge-
notypes equally, the real-time PCR methods appear more ap-
propriate for accurate monitoring of HBV DNA quantification.
Furthermore, the clinical implications of HBV genotyping, as well
as the determination of precore/core mutants, need to be clearly
stated to justify the standardization of these methods. A problem
that could justify the intensive use of appropriate diagnostic tools
would be the emergence of a high number of drug-resistant mu-
tants.
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